because of his inability to produce a bifurcating strain from the former, while Jacobson met a similar failure in his attempt to reverse B. tuberculiformis inteslinalis into B. bifidus. In spite of numerous attempts, as yet no one has succeeded in tracing the source of B. bifidus outside of the intestinal tract.
In the course of my study of anaerobic bacterial flora of the intestinal tract of healthy and diseased children, my attention was directed to B. bifidus. The results I obtained from my present study on B. bifidus convinced me that B. bifidus communis of Tissier is an anaerobic phase of life of an aerobic sporogenous organism belonging to the subtiloid group and closely resembling, especially morphologically and biologically, B mesentericus fuscus. By certain cultural methods, I was able to induce sporulation and adaptation of the aerobic life of B. bifidus and then lead the aerobized B. bifidus back to the anaerobic bifurcating phase. In the aerobic phase of B. bifidus, no bifiurcation has been observed, and it seems almost incredible that it should be related to anaerobic B. bifidus at all. With adaptation of aerobiosis and anaerobiosis the entire sets of morphological and biological characteristics undergo profound alterations. There are intermediate phases between these two extremes, which give the bacillus characteristics of semi-anaerobiosis and extreme morphological variabilities.
The following experiments were made. Eight pure colonies of B. bifidus, two of which consisted of a somewhat more delicate type of bacillus, and one pure colony of a bacillus resembling a type of B. acidophilus were isolated from the fresh stool of a healthy, breast-fed girl, aged two months, by means of glucose-agar plating in an anaerobic apparatus constructed on the same principle as that of Schattenfroh and Grassberger. The purity of these colonies was ascertained first by microscopical examination and then by culture.
For the latter purpose, I found it advisable to use high layer agar containing 1. 5 per cent. lactose or glucose, because with this bifurcation was more general and uniform than with any other liquid media for which an anaerobic apparatus is required. Even with the use of fresh tissue in bouillon or glucose bouillon, B. bifidus was seen to bifurcate less constantly than in high layer sugar agar, and to produce a pleomorphic condition 9 which makes it difficult to determine the purity of an organism. The bacillus which appeared like B. acidophiIus in colony turned out in high layer glucose agar to be a regular bifurcating strain. On the other hand, a typical bifidus strain often grew out of colonies with some bifurcating and non-branching acidophilus types, giving the appearance of mixed colonies.
SPORULATION OF B. BIEIDUS COMMUNIS.
Inoculations with these nine strains were made into solid and liquid media. The organisms were inoculated in the melted state, or by stab, into the high layer agar containing lactose or glucose (1. 5 per cent.) and were cultivated at 37 ° C. ; the inoculations into liquid media (litmus milk, beer wort bouillon, glucose bouillon, and especially Hiss's serum water, containing different sugars) were cultivated usually for seven days before examination in an anaerobic apparatus at 37 ° C.
The agar cultures were examined from time to time and in most cases I found bifurcation within twenty-four hours.
As the bacilli grew older, the number of bifurcations and the length of the branches increased, and at the same time lost their ability to stain with Gram's method (Figs. I, 2, 3, 4, 5) .
The lactose-and glucose-serum-water were suitable media for B. bifidus and the sugars were fermented, without gas production, up to coagulation of the serum (acid production). Microscopical examination showed the presence of pleomgrphic, non-branching forms (diplobacilli with tapering ends, spindles, short rods, beaded forms, coccobacilli, and a few bifuracted specimens). Vesicular forms were also seen occasionally. Besides these, I observed occasional free or attached oval spores (Figs. 6, 7, 8, 9) .
By cultivating in succession pure strains of B. bifidus in sugar containing agar by my modification of the Marino plat@ ° I was
There are in such cultures usually non-branching forms, including delicate bacilli with tapering ends, club-shaped, beaded, or tad-pole forms. Bifurcation is rare. In beer wort bouillon, delicate bifurcation may sometimes be produced.
1o Marino, Ann. de l'Inst. Pasteur, 19o8, xxi, IOO5 . I made two narrow breaks on opposite sides of a small Petri dish. I then placed it, with the opening downwards, in a larger Petri dish so that the liquid agar could flow from the large dish into the smaller one.
able to obtain, at intervals of two or three weeks, colonies in which a few straight Gram-positive bacilli were seen side by side with Gram-negative, bifurcated forms apparently of a degenerating stage. A few spores were often seen in such cultures (Figs. IO, II, I2, I3).
The spore-forming organisms of these old cultures of B. bifidus were isolated by the usual methods. The cultures were heated to IOO ° C. for five minutes and plated out with modified Marino plates or diluted in high layer agar containing lactose and glucose.
From each strain I obtained two distinct strains of bacilli, which differed in their sensitiveness to oxygen, and also slightly in their morphological and cultural characteristics. One of the two was strictly aerobic, while the other was a facultative anaerobe. The first produced felted, dry colonies and contained a spore-forming, Gram-positive, motile bacillus, while the second formed rather moist, greyish-white colonies and the bacilli were somewhat more slender than those of the first. I found, however, that the second variety becomes gradually strictly aerobic and like the first variety after a few successive aerobic cultivations (Figs. 14, 15, 16, 17) .
In the following protocols, I have given detailed descriptions of these two varieties of bacilli which have sprung from apparently pure cultures of B. bifidus under certain circumstances. The morphology of these two strains will be given in TaMe I which follows the experiments on reversion. The descriptions given of the aerobic strain of the two organisms agree closely with those of B. mesentericus fuscus.
REVERSION OF AEROBIC PHASE OF B. BIFIDUS COMMUNIS INTO
ANAEROBIC PHASE.
In the foregoing pages I described "the springing out " of two varieties of spore-forming, non-branching aerobes from certain cultures of B. bifidus. This finding might, of course, be considered as a gross contamination with the brown potato bacillus, had I not been able to produce all typical vegetative forms characteristic in every detail of B. bifidus communis from the spore material heated to IOO ° C. for five minutes of these two strains. However, by gradual training of the organisms to anaerobic life, I was able to accomplish complete reversion of the aerobic phase of this bacillus into the anaerobic. I cultivated the bacilli first semi-aerobically, abruptly diminishing the quantity of oxygen. After three or four successive cultivations, I obtained anaerobiosis in which condition the organism had grown well. Glucose bouillon and Hiss's serum water containing different carbohydrates, especially lactose, dextrin, inulin, saceharose and amygdalin, were found to be very suitable for reversing the biological phase. Anaerobic condition was produced usually by hydrogen gas, although nitrogen, carbon" dioxide and methan were equally suitable for the production of typical bifurcating forms. The degree of reversibility of the strictly aerobic variety is found to be inferior to that of the semi-aerobic strain, and more generations are required before complete reversion is attained. During the reversing processes, I observed that the first step of reversion of the aerobic spore-material towards anaerobiosis is characterized by the appearance of streptococcal or young staphylococcal forms with, occasionally, minute forms of bifurcating types.
In the next stage the numbers of coeeobaeillary forms gradually diminish and more typical bifurcating bacilli of regular size and shape, with many short primitive types of bifidus, appear. In this stage, the developmental steps from coceal forms to regular bifidus are clearly seen (Figs. I8, I9 ). Stellated arrangements of young bifurcating rods are often seen.
A further step towards anaerobization shows the tendency to form more bifurcated bacilli of regular size, and in the stage following this phase, we obtained B. bifidus communis in the sense used by Tissier (Figs. 2o, 21, 22) .
The fermentative faculty of B. bifidus and its aerobic varieties were tested upon different kinds of sugars and glucosides, but the results were extremely inconstant. In one series of experiments they split almost every sugar employed with acid production and, on other occasions, they did not attack any of them. I found, however, that in the strictly aerobic phase of the bacillus it is rare to get coagulation of serum or milk, while in semi-aerobic and strictly anaerobic phases, acid-production seems to cause coagulation of these proteids in several days. This difference may be due to simultaneous proteolysis in the aerobic phase. Table I describes summarily the morphology of the four different phases of B. bifidus.
CONCLUSIONS.
From the foregoing experiments, the conclusion may be drawn that B. bifidus communis of Tissier has an aerobic phase, in which it resembles B. mesentericus fuscus. Numerous intermediate phases can occur between these two extremes; and their morphological and biological variabilities demand the utmost attention in order to interpret more intelligently the various phases of a given organism, constantly found in the stools of sucklings, and to avoid the artificial creation of two or more organisms from a single microbic type. 
The frequent occurrence of B. mesentericus in the stools of sucklings has been described by Tissier, Moro, and many others. That B. mesentericus is one of the most wide spread saprophytes and is constantly found on the surface of our skin, is a well established fact, Scheurlen 11 was once led to consider this bacillus as the cause of carcinoma, because he isolated it from the cancers of mamma (interior of the tumors). But Rosentha112 found the same organism in the breasts of healthy persons. 
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